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 COVID-19 is an infectious disease caused by a new coronavirus called SARS-CoV-
2  (Coronavirus Disease (COVID-19), 2020). The disease outbreak was first reported in 
China in December 2019. Although Chinese authorities have conducted some containment 
measures to minimize the risk of infected people transmitting the virus to healthy people, 
limiting the spread is a significant challenge. On the one hand, the human-to-human 
transmission of COVID-19 could occur during the asymptomatic incubation period (Rothe 
et al., 2020). On the other hand, the common symptoms associated with the new 
coronavirus are similar to seasonal influenza, misleading physicians' diagnostic in the 
beginning of the outbreak. Unfortunately, the disease quickly infected people in over 100 
countries and territories, and the World Health Organization (WHO) declared a public 
health emergency for the COVID-19 pandemic (Events as They Happen, 2020). WHO 
characterizes COVID-19 as a pandemic. According to Johns Hopkins University statistics 
until March 9, 2021, the global infection cases have reached 117,164,167, and deaths are 
2,600,504 (COVID-19 Map, 2020). 
Although most infected people will develop mild to moderate illness, some people 
with underlying medical problems would develop acute respiratory conditions and even 
fatal complications, such as organ failure, septic shock, pulmonary oedema, and severe 




including intensive care admission and/or ventilators and the burden on the healthcare 
system is unprecedented. Italy was an epicentre of this pandemic. It was reported that of 
approximately 5200 existing ICU beds in Italy, 1028 had been already dedicated to patients 
with COVID-19 by March 11, 2020, and the need for more ICU beds further increased 
rapidly thereafter (Mannelli, 2020). The demand for critical care in some regions of Italy 
quickly exceeded its capacity. The scarcity of medical resources also challenged the health 
system in New York, which was a certain "hot spot" in this pandemic.  In Montefiore Health 
System in the Bronx, critical care beds had quadrupled, and the number of ventilators had 
tripled by May 2020 (Powell & Chuang, 2020). To accommodate all those beds and 
ventilators, the health system needed more space. Conference rooms, administrative space, 
gyms used for physical therapy and an unimaginable variety of locations in and around 
hospitals were converted into clinical spaces. Similarly, in Daegu, South Korea — home 
to most of that country's Covid-19 cases — faced a hospital bed shortage, with some 
patients dying at home while awaiting admission (Kuhn, 2020).  
At the time of resource shortage, many ethical issues occurred. For example, 
healthcare professionals were facing overwhelming decisions about who should be given 
the ICU admission or who should be provided with a ventilator. In the usual standard of 
care, "first come, first served" is a justified principle followed by the healthcare workers. 
While in the pandemic, professionals need to decide who to prioritize based on multiple 
ethical considerations, such as equality, best outcome, worst condition, responsibility for 
helping others (WHO, 2020).  
In addition, the ethical considerations may be not same for different types of scarce 




effective, to prioritize populations at the highest risk for infection, like healthcare workers, 
is justified. Within those healthcare workers, a lottery-based  allocation may be justified, 
given that resources will be limited and nearly equal benefits will achieve for any recipient 
within that subgroup. However, this is not the case for other resources such as ventilators, 
where some individuals may derive significantly more benefit than others. For example, 
when limited resources focus on maximizing lives, some adults who need ventilators will 
have a survival rate higher than some extremely premature babies (Haward et al., 2020). 
Moreover, although we have some frameworks developed from previous pandemics 
(Emanuel & Wertheimer, 2006; Interim Updated Planning Guidance on Allocating and 
Targeting Pandemic Influenza Vaccine during an Influenza Pandemic, 2018; UK 
department of Health, 2007) to guide scrace resource allocation, we cannot directly adopt 
those frameworks in the COVID-19 pandemic. To be specific, while the ethical principles 
that apply to resource allocation might be the same in different pandemics, they can lead 
to different decisions, given contextual circumstances (WHO, 2020). For example, older 
adults appear to be significantly impacted in the pandemic, and such characteristics are 
relevant to shaping priorities for the allocation of resources during COVID-19. As a result, 
it may be inappropriate to use critical care triage guidelines that have age cut-offs that 
deprioritize or exclude those aged over 60 years (WHO, 2020). 
Ethical considerations for resource allocation in the COVID-19 pandemic is a 
complex issue and challenges the governments, international agencies and health systems. 
Therefore, WHO (2020) proposed the following ethical values for a fair allocation of scarce 
resources: 




justifications should be made public.  
b)  Inclusiveness. Those affected by allocation decisions – including individuals, 
communities or countries – should be able to exert at least some influence over the 
decision-making process as well as the decision itself.  
c) Consistency. Allocation decisions should be consistent so that all persons in the 
same categories are treated in the same way. This means that favouritism towards one's 
own family, religious or political compatriots, or otherwise, is not appropriate.  
d) Accountability. Those making allocation decisions must be accountable for those 
decisions – that is, they should justify their decisions and be held responsible for them.  
These ethical values and their implementation for justified resource allocation 
prompted intense discussion worldwide. For instance, many scholars explored the ethics 
framework or criteria for resource allocation strategies (Binkley & Kemp, 2020; Liu et al., 
2020; National Academies of Sciences, Engineering, and Medicine et al., 2020). Also, 
someone researched the ethical principles for priority-setting (Giubilini et al., 2021; 
Reeskens et al., 2021). Researchers from various organizations explored this crucial topic 
by publishing their opinions and investigations through various publishing sources.  Thus, 
studying research publications that directly addressed ethical issues will disclose the 
existing research activities, experience, and landscape, and inform policymakers for better 
decision making during this public health emergency.  
However, there is no systematic investigation summarizing the research activities 
related to the topic, ethical considerations for COVID-19 resource allocation (ECCRA). It 
is urgent to collate the research output and evidence.  




COVID-19 resource allocation studies. Specially, this study attempts to address the 
following research questions: 
a) What are the major sources of ECCRA publications? 
b) What are the research contributions of countries and organizations for ECCRA 
publications? 
c) How have the researchers collaborated to explore ECCRA? 





i. Ethics For COVID-19 Resource Allocation 
Covid-19 is an pandemic. This infectious disease has clinical severe manifestations, 
including death, and quickly spread across the world. The surge of health care demand 
posed significant burdens to healthcare systems and created the need to ration the medical 
resources. However, the allocation of scarce resources raised numerous moral dilemmas. 
These ethical issues were widely discussed in the scientific field. 
The critical medical resources in the COVID-19 pandemic include testing materials, 
PPE, ICU beds, ventilators, therapeutics, and vaccines. Regarding these critical resources, 
many researchers propose allocation strategies with ethical considerations. Emanuel et al. 
(2020) yielded six specific recommendations for allocating medical resources in the Covid-
19 pandemic: maximize benefits; prioritize health workers; do not allocate on a first-come, 
first-served basis; be responsive to evidence; recognize research participation; and apply 
the same principles to all Covid-19 and non–Covid-19 patients. Laventhal et al. (2020) 
reviewed the philosophical and practical underpinnings of crisis standards of care and 
described historical approaches to scarce resource allocation to offer analysis and guidance 
for pediatric clinicians. Joynt et al. (2021) proposed a triage tool to guide frontline doctors 
on making triage decisions on ICU admissions, particularly when ICU resources become 




assist state and local public health officials equitably allocate stockpiled ventilators to 
healthcare facilities during the pandemic. The strategies consisted of assessing facilities' 
need, determining facilities' ability to absorb additional ventilators, ensuring access to 
ventilators for vulnerable or high-risk populations, and developing and implementing 
ventilator allocation plans following ethical principles (Koonin et al., 2020). 
Transparency is a crucial ethical consideration during the process of fair resource 
allocation. Netters et al. (2021) highlighted that no clear, published directive for doctors 
regarding the allocation of ICU beds in times of scarcity made doctors afraid of the 
medicolegal consequences of the choices and led to fear among the population. Bhatia 
(2020) suggested that healthcare rationing demands ongoing public attention and 
transparent discussion, which is helpful to dismantle the societal taboo surrounding 
rationing in healthcare.  
Moreover, there are many concerns about special groups who might be more affected 
by the epidemic. The first group is the frontline medical staff who face greater infection 
risk and mental pressure. Behera et al. (2020) cared about the protection of the Indian health 
workforce. They stressed the necessity to provide adequate protective equipment for health 
workers and psychological and financial support for them and their families in the 
pandemic. Whether healthcare providers with limited protection should perform their 
duties was discussed as well (Eijkholt et al., 2021). Secondly, COVID-19 continues to 
impact older adults disproportionately, from severe illness and hospitalization to increased 
mortality risk. Farrell et al. (2020) argued that resource allocation strategies misguidedly 
use age as an arbitrary criterion, inappropriately disfavoring older adults. Thirdly, Schmidt 




accessing mechanical ventilation. To reduce racism and help black gain equitable health 
services, they outlined possible policy options towards a more just ventilation allocation 
(Schmidt et al., 2021). 
ii. COVID-19 studies using a bibliometric approach 
Bibliometric analysis is a research methodology in library and information science, 
which provides quantitative analysis of the research pattern of publications within a given 
topic. Alan Pritchard (1969) initially proposed bibliometrics in a paper published in 1969, 
titled "Statistical Bibliography or Bibliometrics?" This term, which replaced the vague idea 
of Statistical Bibliography, was defined as applying mathematics and statistical methods to 
books and other communication media (Pritchard, 1969). The concept quickly gained 
acceptance in information science, and the technique was broadly used in studies that seek 
to quantify the process of written publications. 
Little to no analysis has been conducted into the research pattern of the ethics for 
COVID-19 resource allocation up to now. However, many papers have been written on 
bibliometric analysis of COVID-19 research, aiming at tracking progress and 
demonstrating research impact in a certain field.  
Kambhampati et al. (2020) studied the number of COVID-19 publications and top 
publishing journals within the first three months of COVID-19 onset. They found that the 
rate of publications was almost 59 articles per day since the outbreak of COVID-19, which 
was probably the most for any disease published (Kambhampati et al., 2020). Top 
publishing journals are medical journals (British Medical Journal and Journal Medical 
Virology), indicating the seriousness of the disease and the quest to find solutions to combat 




between China and other countries and research focus before 2020 February. It was found 
that China published much more articles than other countries did at that time. And virology, 
epidemiology, clinical features, laboratory examination, radiography, diagnosis and 
treatment were the research hotspots of COVID-19 (Lou et al., 2020). Mao et al. (2020) 
used bibliometric methodology to investigate the global status and trends of coronavirus 
research. They conducted bibliographic coupling analysis, co-authorship analysis, co-
citation analysis, co-occurrence analysis and the analysis of publication trends. They 
identified that the United States was the top contributor to the global research with the 
biggest number of publications, total citation frequency, and the highest H-index. Journal 
of Virology had the largest publication numbers. The primary research topic and funding 
agency were virology and the United States Department of Health Human Services (Mao 
et al., 2020). Mohadab et al. (2020) demonstrated the trends of scientific research in the 
theme of Covid-19 from bibliometric networks analysis. They assessed the contributions 
of the authors, institutions, countries and key topics by visualizing co-authorship network 
and keywords network. It was shown that researchers from the United States and China 
made a great scientific contribution in COVID-19 research. The most concerned research 
areas were medical, health, hospital and virology (Mohadab et al., 2020). 
Besides, some researchers applied the bibliometric method to study the impact of 
COVID-19 on specific disciplines. Verma and Gustafsson (2020) presented the findings of 
a bibliometric study of COVID-19 literature in the business and management domain to 
identify research areas. The analysis of the published literature identified four main 
research themes: overall impact of COVID-19 on business, COVID 19 & technology, 




Gustafsson, 2020). Oh and Kim (2020) investigated the status of the literature through a 
bibliometric analysis of publications in nursing journals before 2020 July. The analysis 
showed that the most productive journal and country were the Journal of Clinical Nursing 
and the USA. The content analysis revealed the key topics in nursing journals (Oh & Kim, 
2020). Jacimovic et al. (2021) identified the scientific literature addressing COVID-19 
from a dental research perspective and used a bibliometric approach to access the 
manuscript origin, research domain, study type, and level of evidence.
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Methods 
To facilitate this bibliometric analysis, I collaborated with a medical librarian at the 
UNC-CH Health Sciences Library. She provided me with assistance in developing a 
comprehensive search strategy and inclusion/exclusion criteria for data screening.  
i. Data Collection 
Given the research topic, I chose PubMed as the data source. The PubMed database 
of the National Center for Biotechnology Information (NCBI) is an authoritative database 
containing more than 30 million citations and abstracts of biomedical literature. To create 
the search strategy, I listed key concepts related to the ethics of COVID-19 resource 
allocation, their definition and relevant terms. The words included COVID-19, allocation, 
scarce, resource, prioritization and ethics. Then the medical librarian helped me to collect 
synonyms, term variations and assembled a search query. See Table 1 below for the search 
strategy documentation. 
After the search was completed, the bibliographic records were downloaded in 
PubMed format and imported to Covidence for manual screening. The manual screening 






Table 1 Search String Documentation 








("Resource Allocation"[Mesh] OR "Surge Capacity"[Mesh] OR 
“crisis standard of care”[tiab] OR “crisis standards of care”[tiab] 
OR redeploy*[tiab] OR makeshift[tiab] OR “Limited 
Resources”[tiab] OR “Resource Limited”[tiab] OR “Resource 
Poor”[tiab] OR “resource utilization”[tiab] OR "surge 
capacity"[tiab] OR "extended use"[tiab] OR allocat*[tiab] OR 
distribut*[tiab] OR prioritiz*[tiab] OR prioritis*[tiab] OR 
redeploy*[tiab] OR scarce[tiab] OR scarcity[tiab] OR 
shortage[tiab] OR shortages[tiab])  
AND (staffing[tiab] OR “workload”[tiab] OR “schedule 
tolerance”[tiab] OR “Personal Protective Equipment”[tiab] OR 
PPE[tiab] OR N95[tiab] OR KN95[tiab] OR mask[tiab] OR 
masks[tiab] OR face-shield*[tiab] OR “Intensive Care 
Unit*”[tiab] OR “critical care unit*”[tiab] OR beds[tiab] OR 
ventilator*[tiab] OR vaccin*[tiab])  
AND ("coronavirus"[All Fields] OR "ncov"[tw] OR "cov"[tw] 
OR "2019-nCoV"[tw] OR "COVID-19"[All Fields] OR "SARS-
CoV-2"[All Fields])  
AND (Ethics[tw] OR Ethical[tw] OR Bioethics[tw] OR 
Principles[tiab] OR Transparency[tiab] OR Integrity[tiab] OR 
Inclusive*[tw] OR Inclusivity[tw] OR Moral*[tiab] OR 
Accountability[tiab] OR Accessibility[tiab] OR 
Accountability[tw] OR Consistency[tw] OR Justice[tw] OR 
Privacy[tw] OR Protection[tiab] OR Equity[tiab] OR 
Confidentiality[tiab] OR responsibility[tw] OR beneficence[tw] 
OR respect*[tw] OR acceptability[tw] OR safeguard*[tw] OR 
"Ethics, Medical"[Mesh] OR "Bioethics"[Mesh] OR “Moral 
Obligations”[mesh] OR “Social Responsibility”[mesh])  
AND 2019:2022[pdat] AND (English[lang] OR Chinese[lang]) 












ii. Data Screening 
The bibliographic records were uploaded to Covidence to go through a title and 
abstract screening, ensuring irrelevant publications were excluded. Covidence (Covidence, 
n.d.) is a systematic review software for research groups to decide whether the publications 
are relevant to the topic. In this study, a record was excluded if: (1) it focuses on the 
COVID-19 resources which are not for clinical treatment or prevention; (2) it was not 
ethical-related research; (3) it was published in languages other than English and Chinese; 
(4) it was published before December 2019. For example, I excluded the articles exploring 
the development and efficacy of drugs, vaccines or PPE. And the articles that prompted 
priority-setting in medical resources or extra support for frontline workers or vulnerable 
groups were included.  
 
Figure 1 records screening 
 
iii. Data Analysis Measures & Tools 
I analyzed the research output related to the ethics of COVID-19 resource allocation 




which are shown in Table 2. With regard to the bibliometric measure, I focused on the top 
publishing journals and the research productions of countries and organizations. For 
collaboration analysis, I explored organization collaboration network and country 
collaboration network. And I accessed the major topics in the given field by co-occurrence 
keywords network analysis, which showed keywords co-occurrence relationships. 
I used Bibliometrix 3.0 (Bibliometrix, 2019) and VOSviewer 1.6.16 (VOSviewer, 
2020) for data analysis and visualization. Bibliometrix was adopted to calculate the count 
of journals' relevant publications and visualize the leading journals. VOSviewer was 
implemented to rank the research productions at the levels of country and organization and 
then generate network maps. This software also was adopted for topic analysis. 
       a) Bibliometrix 
       Bibliometrix is an open-source tool for comprehensive science mapping analysis. 
Bibliometrix package provides various routines for importing bibliographic data from 
SCOPUS, Web of Science, PubMed, etc., performing bibliometric analysis and building 
data matrices for co-citation, coupling, scientific collaboration analysis and co-word 
analysis. Due to its poor visualization options, this project only uses it to compute the 
number of publications and rank the journals, which is shown in Table 2. 
b) VOSviewer 
VOSviewer is a free bibliometric network analysis software, which was designed for 
network construction and visualization. Bibliographic data can be imported to VOSviewer 
to construct a network of co-authorship, co-occurrence, bibliographic coupling, or co-
citation links. Author, organization, and country items are supported for co-authorship 




to generate key term co-occurrence networks. For this project, co-authorship analyses were 
conducted at country and organization levels. In addition, the title and abstract of the 
included studies were used to generate topic networks (Table 2). 
Table 2 Data Measures and Tools 
Data Measures Metrics Tools 
Bibliometric 
measure 
Top publishing journals 
Research productions of countries and 
organizations 
Research output by language (English vs 
Chinese) 





Country collaboration network  
Organization collaboration network 
VOSviewer 1.6.16 
Topic measure Co-occurrence keywords network VOSviewer 1.6.16 
 
iv. Data Analysis Workflow 
Firstly, Bibliometrix was run in R studio, and the dataset was imported to the web 
interface. The computation for the most relevant sources was performed, and the plot and 
table for journals ranking were produced. The Top 10 journals published the included 
studies were identified.  
Similarly, the dataset was uploaded to VOSviewer. For each analysis, VOSviewer 
firstly generated a list of items extracted from the dataset and then provided the network 
map. However, the original list might contain multiple occurrences of the same entity with 
syntax variations. A thesaurus file was created to combine all the different instances to the 




and countries. The thesaurus consisted of two columns, label and replace by (Figure 2).  
 
Figure 2 Organization Thesaurus 
Moreover, three types of visualization can be generated in VOSviewer: network 
visualization, overlay visualization, density visualization. The network visualization was 
used in this study. Items are represented by a circle with a label in the network visualization. 
The size of the circle is determined by the weight of the item. The higher the term's weight, 
the larger the circle. Lines between items represent links. In this study, links in country and 
organization networks refer to co-authorship. The item's color is determined by the cluster 
to which it belongs. 
The network visualizations produced from data analysis were saved as high-resolution 
screenshots, map file and network file. The map file contains information about the items 
in a map, such as ID, label, x and y coordinates, belonged cluster, weight, etc. For this 
project, map files were used to generate tables for top publishing countries and 
organizations. The network file contains information about links between items and how 
strong the linkage is. Network files were useful for relationship analysis.
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Results 
In total, 854 bibliograpic records were retrieved from PubMed database. Then 460 
bibliograpic records were included in the bibliometric analysis after title and abstract 
screening. Only two articles are in Chinese. The other 458 articles are in English.  
i. Top publishing journals 
The most important publishing sources for ECCRA articles are the Journal of Medical 
Ethics, followed by Hasting Center Report and BMJ Open. Journal of Medical Ethics 
published 21 papers, much more than other journals did. Of all, 11 journals have published 
five or more articles related to ECCRA. Information on these journals is presented in Table 
3.  
Table 3 Top publishing journals 
Source Articles 
JOURNAL OF MEDICAL ETHICS 21 
HASTINGS CENTER REPORT 11 
BMJ OPEN 7 
BIOETHICS 6 
CHEST 6 
CLINICAL INFECTIOUS DISEASES: AN OFFICIAL 
PUBLICATION OF THE INFECTIOUS DISEASES SOCIETY 
OF AMERICA 
6 
FRONTIERS IN MEDICINE 6 
 19 
MEDRXIV: THE PREPRINT SERVER FOR HEALTH 
SCIENCES 
6 
FRONTIERS IN PUBLIC HEALTH 5 
JAMA 5 
THE AMERICAN JOURNAL OF BIOETHICS: AJOB 5 
ii.  Country Analysis 
Researchers exploring ECCRA comes from 78 countries. According to the World 
Bank list of economies (World Bank Country and Lending Groups – World Bank Data Help 
Desk, n.d.) , these countries include 34 high-income countries, 31 middle-income countries, 
9 low-income countries. High-income countries are primary contributors to ECCRA 
research, such as United States (n = 207), United Kingdom (n = 82), Australia (n = 44), 
Canada (n = 35), Italy (n = 31).  Nnearly half of the total articles (p = 45%) involved authors 
from the United States. Some middle-income countries, including China (n = 28), Brazil 
(n = 18), India (n = 18) and South Africa (n = 16), also contributed to ECCRA research. 
Researchers from low-income countries involved in less than ten articles. 17 top countries 
published more than ten articles are shown in Table 4. 
Table 4 Top publishing countries 
Country Number of Included Publications 
United States 207 




















Next is about countries’ research collaboration. Figure 3 shows a map of collaboration 
among countries. Each node represents one country on the map. The node color represents 
the country's classification by economy. The node in red represents a high-income country. 
The node in red represents a middle-income country. The node in blue represents a low-
income country. The link connecting the two countries shows their co-authorship activity.  
 
Figure 3 Country collaboration network 
Within this country collaboration network, United States stays at the center because 
their researchers collaborated with 57 countries' researchers. United States has the closest 
academic relationship with United Kingdom because they collaborated most frequently. 
United States and United Kingdom had 25 co-authorship publications. In addition, India, 
Brazil and China are the most active collabortors in low-income countries and middle-
income countries (LMICs). Each of them had research collaboration with more than 30 




United States and United Kingdom. 
iii. Organization analysis 
Of all organizations, The University of Washington and the University of Oxford are 
the most productive institutes with 19 articles, followed by Harvard University with 17. 
Additionally, 13 organizations published at least ten articles. Over one-third of total articles 
(36%) were published by 13 organizations. Moreover, 10 out of the top publishing 
organizations are in the United States. Information on these institutes is shown in Table 5. 
Table 5 Top publishing organizations 
Organization Number of Included Publications 
University of Washington 19 
University of Oxford 19 
Harvard university 17 
University of Pennsylvania 14 
Emory University 12 
Johns Hopkins University 11 
University of Melbourne 11 
Vanderbilt University 11 
Columbia University 10 
Stanford University 10 
University of Michigan 10 
University of Toronto 10 
Yale University 10 
Figure 4 shows a map of collaboration among organizations with at least five 
publications. Each node represents one organization in the map. The link connecting two 
organizations shows their co-authorship activity. Within this top organization collaboration 
network, Harvard University, Emory University are the most active collaborators. They 




frequently (n = 3) with Baylor College of Medicine. Researchers at the University of 
Washington collaborated with 22 external organization.  
 
Figure 4 Organization collaboration network 
The University of Washington collaborated most frequently (n = 6) with Stanford 
University. Emory University collaborated most frequently (n = 4) with the University of 
Washington. The University of Oxford has close relationships with the University of 
Melbourne (n = 7) and Murdoch Children's Research Institute (n = 6). 
iv. Topic Analysis 
The topic map shown in Figure 5 was constructed by extracting key terms from titles 
and abstracts of included publications. Each node represents a key term. The occurrence 
frequency of the term determines the node size. Each link between two words shows their 
co-occurrence relationship. 
The key terms in the topic map occur more than ten times across all publications. 




the topic map. In the first cluster in which nodes are in red, the most frequent terms are 
"covid", "patient", and "care". In the second cluster in green, "pandemic", "healthcare 
worker", and "personal protective equipment" are words occurring most frequently. In the 
third cluster in blue, "risk", "vaccine", and "disease" are the most frequent terms.  
From this topic map, we can get three hot topic areas in terms of ECCRA research. 
The first topic area is about the adjusted patient care during COVID-19. The ethical issue 
in this area is the fair allocation of scarce clinical resources, including ICU, mechanical 
ventilation and other interventions. The second area highlights the need to support 
healthcare workers. The third area is about the ethical distribution of vaccines. 
 
Figure 5 Topic map with three clusters:  
red cluster —— adjusted patient care during COVID-19, 
green cluster —— need to support healthcare workers, 
blue cluster —— ethical distribution of vaccines.
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Discussion 
The outbreak of the COVID-19 pandemic resulted in a sudden surge of people with 
acute health care needs, overwhelmed public health infrastructure, and caused extreme 
shortage of medical resources in many countries worldwide. The severity and disruptive 
nature of the public health crisis lead to intensified ethical concerns and discussions. One 
accentuated ethical topic is allocation or distribution of resources when they are  scarce , 
including ventilator, ICU beds, PPE, and vaccine. This study took a bibliometric approach 
and compiled the discussion and research activities pertaining to ECCRA. By examining 
460 included peer-reviewed scientific articles, a research landscape was disclosed in terms 
of publication sources, research organizations, countries, and collaborations as well as 
major topic clusters.  
Regarding major article sources, Journal of Medical Ethics published most ECCRA 
articles that were included in this study. It  is a monthly peer-reviewed academic journal 
covering the field of bioethics (Wikipedia contributors, 2021). Hasting Center Report, 
Bioethics, and American Journal of Bioethics which are also top influential journals for 
ECCRA research. In addition, ECCRA papers also frequently appeared in BMJ Open, 
Frontiers in Medicine, and JAMA. Therefore, both bioethics journals and leading medical 
journals are top resources for ECCRA research. 
From the country analysis, we see that some top publishing countries are hot spots of 
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the COVID-19 pandemic, such as the United States, United Kingdom, Italy and China. The 
severe situation prompted researchers to explore ECCRA. Besides that, high-income 
countries appreantly made more contributions to ECCRA research than LIMCs. Incredibly, 
researchers in the United States participated in nearly half of the total articles. And high-
income countries, such as United States and United Kingdom, are also leading 
collaborators in ECCRA research. They not only have close academic relationships with 
each other but also have some research collaborations with LIMCs, such as China, Brazil 
and India.  
Moreover, the organization analysis revealed the outstanding research efforts of 
institutions in the United States. In the top-13 publishing organizations, ten organizations 
are from the United States, including University of Washington, Harvard University and  
University of Pennsylvania, etc. And it is found that top contributors are all academic 
universities. It is no surprising that academic institutions contributed the most to the ethical 
consideration when the medical practitioners are desperate to meet the overwhelming needs 
of treating patients.   The findings also revealed that a few organizations from LMICs 
participated in the ethical discussions;  however, the research participation and 
collaboration were limited.  
Three key topic areas were identified for included  ECCRA research. The first one is 
about the adjusted patient care during the COVID-19 pandemic. In this epidemic, hospitals 
couldn't provide patients with the usual care because of limited medical resources. 
Especially, ICUs and mechanical ventilators are rare resources and couldn't cope with the 
surge of patients in hospitals. How to allocate these scarce resources is an ethical dilemma 




and mechanical ventilators. Netters et al. (2021) pointed out that the lack of ethical 
guidelines in allocation of ICU beds make doctors stressful. White and Lo (2021) argued 
that save-the-most-lives approach and random allocation commonly used in ICU allocation 
were inequitable. They proposed a new model for ICU triage to mitigate health inequities. 
Haward et al. (2020) proposed that premature babies might be at a disadvantage in 
accessing the limited mechanical ventilators when the situation was serious. They argued 
that premature babies deserve equal consideration even though adults who need ventilators 
will have a survival rate higher. Vázquez-de Anda et al. (2020) thought that although 
mechanical ventilator as a divisible resource can be shared, this sharing might violate the 
principles of beneficence, non-maleficence and justice. Except for ICUs and mechanical 
ventilations, some other clinical resources are scarce in the pandemic and need to be 
rearranged, including the availability and assignment of healthcare workers.  Deciding 
which patients tend to be prioritized to get surgery poses a significant challenge to surgeons 
(Babidge et al., 2020; Civantos et al., 2020; Keskin et al., 2021).   
The second topic area is the need to support healthcare workers. When the COVID-
19 pandemic first started, frontline healthcare providers were assigned a high-loading 
workload to address the surge of patients during the pandemic. They face a shortage of 
PPE, higher infection risk, mental stress, physical exhaustion and separation from families, 
especially during the during the first few months of the pandemic in 2020 (April, May). 
Whether medical staffs should perform their responsibilities in the exacerbating situation 
is an ethical issue (Eijkholt et al., 2021). To reduce medical workers' psychological pressure 
and facilitate their work, providing reinforced protective equipment and psychological care 




prioritizing healthcare workers for SARS-CoV-2 testing, hospital beds and targeted 
research, as well as ensuring that public figures and the population acknowledge the 
commitment of healthcare workers may help to maintain morale. Behera et al. (Behera et 
al., 2020) argued that providing psychological and financial support for health workers and 
their families is absolutely critical in building trust and dedicated work efforts by the health 
workforce for a continuous fight against the deadly COVID disease.  
Thirdly, it is widely concerned that how to allocate the COVID-19 vaccine fairly. On 
one hand, when vaccine production was limited, which population shall be inoculated first. 
Prioritizing the aged groups (Matrajt et al., 2020; Shim, 2021) and a weighted lottery 
approach (Jansen & Wall, 2021) have been proposed for vaccine distribution. However, 
some researchers (Giubilini et al., 2021) highlighted multiple values that need to be 
considered in the decision, including the number and quality of lives saved, protecting 
healthcare systems, the effectiveness of different vaccines on different groups, etc. 
Moreover, COVID-19 is a global pandemic and impact low-income countries much more 
because of their fragile healthcare infrastructure. A couple of studies (Liu et al., 2020; 
Pepperrell et al., 2021) clearly stated the concerns on the barriers for low-income countries 
to have access to COVID-19 vaccines and the corresponding impact on the global health. 
Nevertheless, researchers agreed on fair global access to vaccine resources (Liu et al., 2020; 
So & Woo, 2020). 
 28 
Limitation 
This study has a potential limitation that the ECCRA publication data were retrieved  
from a single database, PubMed, and consequently, articles that are not indexed in PubMed 
was unintentionally excluded from the analysis and results. However, after the COVID-19 
pandemic started, the U.S. National Library of Medicine quickly leveraged all possible 
resources indexing, tracking, and providing open-access to all Coronavirus related 
publications (LitCovid, 2020). PubMed has became the most comprehensive publication 




This study adopted a bibliometric approache to disclose ECCRA research output in 
2020. Major publishing  sources, research efforts at country and organization levels, and 
key research topics areas are identified to depict the research landscape. Overall, Academic 
institutions in high-income countries such as the United States are the main contributors to 
ECCRA research and widely collaborated with each other to explore intensified ethical 
issues arising from the pandemic. The investigated ethical topics focused on adjusted 
patient care, the need to support healthcare workers, and the ethical distribution of the 
COVID-19 vaccine. The ethical concerns are usually related to social, economic, and 
political background. Since the pandemic is still rampaging certain LMICs, researchers 
from those countries have their own perspectives on the ethical concerns, which shall be 
addressed and shared more widely in future publications.
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